We investigated the effects of landscape features and forest structure on the avian community at the Reserva Florestal Adolpho Ducke near Manaus, in the Brazilian Amazon. We sampled the landscape and forest in 72 50 × 50 m plots systematically distributed in the reserve, covering an area of 6,400 ha. The avifauna was sampled using mist nets and acoustic surveys near the plots. We found no significant relationships between landscape features and forest components in the plots and the number of bird species and individuals sampled. Results of Principal Coordinate Analyses, however, showed that bird species composition changes along a topographic gradient (plateau-slope-valley), and also in relation to leaf litter depth and distance to forest streams. We also found compositional differences in the avian community on the eastern and western water basins that compose the reserve. Our results suggest that although most bird species occur throughout the reserve, many species track differences in the landscape and the forest structure.
Introduction
Understanding how the structure of the habitat influences avian populations and communities is a key factor to link habitat and niche selection with species diversity [1, 2] . Although the mechanisms that determine habitat use in tropical forests remain poorly understood [3, 4] , it is clear that different species use their surrounding environment differently. This use can change over space and time due to individual movements, but also as a result of differences in habitat structure [5] [6] [7] [8] [9] . Several studies have focused on the factors affecting avian species richness and abundance in tropical forests, investigating the relationship between vegetation structure and bird communities [2, [8] [9] [10] ], but few have investigated how natural variations in the structure of the forest may affect entire species assemblages (but see [4, 7, 11] ). When available, such studies are often done at small spatial scales [9, 12, 13] , and the effects of habitat structure are rarely considered.
Most bird species in Amazonia are resident and sedentary [12, 14, 15] , and are relatively long-lived compared to those in temperate regions [16] . Longevity can result in a more specialized use of the environment, and birds may adjust their microhabitat use according to local variation in the forest structure [7, 11, 17] . Avian community composition, microhabitat selection, and guild assemblages can be affected by landscape features such as elevation, topography (valleys, slopes, and plateaus), and proximity to water. Furthermore, the natural heterogeneity found in many components of the forest structure, such as the number of trees, the amount of light that reaches the forest understory (canopy openness), and even the amount of litter on the ground [4, 7, 11] can also affect avian communities. For example, it has been documented that the number of tree-fall gaps in a forest increases with selective logging, affecting the abundance of insectivorous and nectarivorous birds [13, 18] . Similarly, the spatial variation in the depth of forest leaf litter can affect the use of the forest floor by insectivorous birds [10] . Although 2 International Journal of Ecology in recent years a great body of knowledge has been gathered on general aspects of the biology and behaviour of many tropical species [19] , little is known about the function of species in the ecosystem, and how a significant part of the bird community responds to the local variation observed in the structure of the forest.
In this study, we investigate how the natural forest heterogeneity influences avian communities. We selected seven variables, which include local topography (elevation), number of trees, fallen logs and standing dead trees (snags), depth of leaf litter, percentage of canopy openness, and the distance to the nearest stream. These variables may be important because (i) many bird species rely on a shady understory for foraging, and areas with more trees can offer a more complex structure, sustaining more species [1] ; (ii) the abundance of logs and snags may provide more area for foraging and nesting, while providing a particular substrate for specialist species; (iii) the abundance of small vertebrates and large invertebrates (prime avian food resources) are directly related to the abundance of leaf litter [20] ; (iv) the amount of light reaching the understory may affect fruit production, attracting arthropods and increasing food availability [17] ; (v) streams are an important component of the forest, serving as a microhabitat for several avian specialists; (vi) elevation in central Amazonia is known to be directly related to soil texture (one of the best predictors of forest structure and tree composition) [21] .
We tested the effect of these variables on bird species richness, abundance, and species' composition, using data based on mist-net captures and acoustic transect surveys. Specifically, we tested the hypothesis that the spatial variation in the forest structure and some landscape features should influence the occurrence, abundance, and distribution of bird species in a tropical forest. Because within and among-year seasonality can also determine the spatial distribution of bird species richness in a tropical forest [8, 12] , we also tested the effect of seasonality on the avifauna.
In particular, we ask the following questions: (1) does the bird community composition change seasonally (dry versus wet season) and among years in our study area?; (2) what are the effects of some selected forest structural components on the richness, abundance, and species' composition of birds?; (3) does bird species composition change along a topographic gradient that includes plateaus, slopes, and valleys?; (4) what, if any, are the differences in bird species composition between the two main drainage basins in the study area?
Material and Methods

Study Area and Sampling Design. The Reserva Florestal
Adolpho Ducke (RFAD), a 10,000 ha forest reserve, is located 30 km north of the city of Manaus (02
• 55 -03
• 01 S, 59
• 53 -59
• 59 W), in the Brazilian state of Amazonas. Although the spread of Manaus, the largest city in the Amazon basin, has reached the southern and western boundaries of the reserve in recent years, RFAD is still connected to continuous forest on its eastern side. The reserve can be divided into an eastern and a western water basin (with six microbasins: Acará, Barro Branco, Bolívia, Ipiranga, Tinga, and Ubere) divided by a central plateau. The dominant vegetation type in the reserve is primary Terra Firme forest, never inundated by seasonal river fluctuations. Oxisols are predominant in the reserve, and small streams are abundant in the area, resulting in an undulated terrain of plateaus of up to 140 m above sea level, crossed by many valleys [22] . The mean precipitation in the area is ∼2,300 mm/yr, with most of the rainfall falling between November and May, and a short dry season between June and October [22] .
We sampled the avifauna of the RFAD with mist-nets from January The RFAD is particularly suited for studies investigating the general heterogeneity of a tropical forest because it has a 64 km 2 grid, criss-crossed by trails that allow access to the entire reserve ( Figure 1 ). Lines of mist-nets were systematically placed across the entire grid, along the nine parallel 8 km-long trails that cross the RFAD from east to west, covering 6,400 ha ( Figure 1 ). In total, we sampled 72 individual areas, whereas acoustic transect surveys were randomly assigned and performed in 21 of them. Components of the forest structure were sampled in each of the 72 sample areas in 2,500 m 2 (50 × 50 m) plots. The 72 sample areas were located at least 1 km from one another, and at least 1 km from the borders of the RFAD, reducing possible edge effects.
Bird Surveys.
Bird data was obtained using two independent methods: mist-nets and acoustic surveys along predefined transects. The use of mist-nets has several advantages over other types of survey methods [23] , particularly being independent of identification skills (birds are easier to identify in the hand), easier to standardize (number of nets and/or time), and are good in capturing understory species that are moving through the forest. As its downside, it neglects an entire part of the community (i.e., all birds that forage and occur above 10 m, including most canopy birds). Acoustic surveys, on the other hand, are much more dependent on the skills and experience of the observer, and therefore its results are difficult to compare to other studies, but have the advantage of potentially recording many more species of birds with a much smaller sampling effort. Additionally, species recorded are not restricted to a particular stratum of the forest, although they rely on vocalizing individuals.
We placed lines of 20 mist-nets (12 m long, 2.5 m high, and 2.5 cm of mesh size) along existing trails, covering ∼240 m. Each line started at mid-points (500 m, 1500 m, 2500 m, etc.), from the beginning of each trail that crosses the RFAD from east to west (Figure 1 ). Mist-nets were opened between 6 AM and 1 PM, for two consecutive days in the same place. Captured individuals were identified and marked with numbered aluminum bands (CEMAVE-Bird Migration Center, ICMBio, Brazil). Data from both days were pooled to obtain a single number of species and individuals (birds captured and marked on the first day were counted only once).
Acoustic surveys were performed by LNN along 21 1 kmtransects (see Figure 1) . Transects started at 5:30 AM from the mid-point of the trail and included half an hour of dawnchorus census (which are mostly conducted in the dark and are important to record some species that are vocally active only during a few minutes before dawn). From 6 AM to 10 AM the entire 1 km was surveyed twice by walking slowly through the trail. Along the trails, bird vocalizations were tape-recorded, and the approximate location of each individual bird was noted. No playback was used during the surveys. The general location of each individual was noted to avoid double counting individual birds.
Forest Structure Components and Landscape Features
Sampling. We established 72 50 × 50 m plots, located in the middle of each line of mist-nets (120 m from the beginning). Within plots, we quantified the following forest structure components and features of the landscape: (i) number of trees (diameter at breast height-DBH > 10 cm); (ii) number of fallen logs (>20 cm in diameter); (iii) number of snags (standing dead trees); (iv) leaf litter depth; (v) percentage of canopy openness; (vi) distance to the nearest stream; (vii) elevation.
We used the number of trees, fallen logs, and dead snags, as a measurement of tree abundance, and these were directly counted in the plots. We measured the depth of the litter from 20 subplots of 1 m 2 located along the sides of each 50 × 50 m plot (systematically distributed every 10 m) and from an additional subplot placed in the center of the plot. Litter depth was recorded by inserting a Swiss knife blade (7 cm length, 1 cm width, and 0.1 cm thick) into the forest ground until its tip touched the forest bare soil. The number of impaled dead leaves was used as the measurement of litter depth, using the mean value of the 21 subplots in the analyses. We recorded forest canopy openness using a Spherical Crown Densiometer (Concave-Mode C-Robert E. Lemon, Forest Densiometer-Bartlesville, OK, USA). Measurements were obtained from four readings (north, south, east, and west) at the corners and one at the center of the 50 × 50 m plots. Following factory recommendations, we multiplied each reading by 1.04. We used the mean value of five readings within a subplot as a subplot measurement and the mean value of 5 subplots in the analyses. Distance of the plots to the nearest stream and elevation (meters above sea level) of the plots were collected from a detailed topographic map.
Statistical Analyses.
Although complementary, mist-net and acoustic survey data are not comparable and were analysed separately. To compare species composition among the 72 mist-net lines and for the 21 acoustic survey transects, we analysed both quantitative and qualitative data matrices using Principal Coordinates Analysis (PCoA), implemented in PC-ORD [24] . This analysis summarizes more information on one to three axes than other indirect ordination techniques, and is more robust to nonlinear effects [25] . We used the Bray-Curtis distance measure to obtain values of dissimilarity between sites. When used on presence/absence data, the Bray-Curtis index is known as the Sorensen distance measure [26, 27] , which has been used in ecological gradient studies [25, 28] , including studies with plants [29] , insects [30] , and birds [6, 11, 13, 31, 32] . The resulting PCoA-scores were used as dependent variables in models of multivariate analysis of variance (MANOVA) and multiple regressions. We used two or three PCoA axes in the analyses because these generally explain most of the variance in the original variables for quantitative and qualitative data. We used a posteriori Pillai-Trace tests to verify whether MANOVA reveal significant differences among sites in relation to the topographic gradient (plateau-slope-valley), water basins (western and eastern sides of the RFAD, see Figure 1 ), and seasonality (dry and wet season and among years). For the water basin analysis we excluded mist-net lines and censuses located on the central plateau that divides the two basins (see Figure 1) .
The Pillai-Trace statistics have been shown to be less sensitive to deviations from assumptions than other multivariate statistics [33, 34] . We also used multiple regressions followed by Pillai-Trace to evaluate the effects of the forest structure components on qualitative and quantitative bird community composition across the RFAD. These analyses were performed using GLM in Systat [35] . To verify potential problems of residual analysis in multiple regressions, we used a graphic method called partial residual plot, available in R (Core Development Team 2008). We also used R to verify possible linear relationships among predicting variables, estimating the variance inflation factor, which calculates the level of multicolinearity [36] . We used Mantel tests, implemented in PC-ORD [24] , to verify spatial autocorrelation among variables, or the significance of relationships between assemblage matrices of similarity and distance between transects. We built Pearson correlation matrices to verify the correlation among forest structure components (independent variables). When these variables were significantly correlated, we included them in different analyses.
We built qualitative (presence/absence data) and quantitative (abundance data) matrices of species composition for the community analyses. We used regression models for qualitative and quantitative data, using PCoA axes as response variables in the regression models. In two regression models, the PCoA axes were regressed against five forest structure components as independent variables together (abundance of forest trees, abundance of fallen logs, abundance of snags, mean leaf litter depth, and proximity to the nearest stream), and in another two models, the PCoA-axes were regressed with just two independent variables together (elevation and canopy openness), because these two components were significantly correlated with the other five.
Throughout the study, we used three PCoA axes for quantitative data and two axes for qualitative data as dependent variables. For mist-net data, we found that three PCoA axes captured most of the variance in the original variables for quantitative data in the bird species matrix (Cumulative proportion of total variance, C PV = 0.63), whereas two axes were enough for the presence/absence data matrix (C PV = 0.68). Similarly, for the acoustic survey data three axes captured most of the variance for quantitative data (C PV = 0.60), and two axes for presence/absence data (C PV = 0.56).
We excluded from the analyses bird species that were captured or recorded only once. Therefore, although we captured 110 species in the mist-nets, our "bird community" was represented by 76 species, and although we recorded 162 species in the acoustic surveys, our "survey bird community" was represented by 132 species.
Results
Avian Surveys.
We recorded a total of 191 bird species during our study, more than 50% of all species ever recorded in the RFAD (see Table 4 ). We captured 110 species in the 72 lines of mist-nets (average of 15.6 ± 4.1 species and 33.6 ± 12.1 individuals in a two-day sample), and detected a total of 162 species on the 21 acoustic surveys (average of 52.3 ± 7.7 species per transect). A total of 85 species recorded in the surveys were never caught in the mist-nets, whereas 32 of the species captured in the mist-nets were never recorded in the surveys (see Table 4 ). Most species are permanent residents and are believed to breed in the study area [37] (see Table 4 ).
Forest Structure Components and Landscape Features.
We found a great deal of variation within plots in almost every parameter measured, showing a high heterogeneity in our 72-plot sample. The mean abundance of forest trees per plot was 136.4 (range 75-235 trees), that of fallen logs was 11 (range , and that of snags was 4.8 (range 0-11). The mean number of layers of leaf litter ranged from zero to 3.2 for the 1-m 2 subplots and 2.9 (1-7) layers for the 50 × 50 m plots. The mean percentage of canopy openness was 9.7% (range 2.6-19.4%). The mean elevation was 49.9 m above sea level (range 39.4-114.7 m), and the mean distance to the nearest stream was 318.5 m (range 0-571.4 m).
We found weak but significant correlations between the geographic location of the plots (spatial autocorrelation) for variables such as tree abundance, leaf litter depth, mean canopy openness, and elevation (Table 1) . However, because these variables had very low Mantel test "r-values", or were so weakly correlated with location (geographical coordinates), we decided to include them as independent variables in the multiple regression models. Canopy openness and elevation were significantly correlated to other variables (Table 2 ) and were therefore analyzed in a separate regression model.
Effects of Seasonality on Bird Species
Composition. The potential effect of seasonality was evaluated only for mistnet data, which were collected over several seasons and more than one year (acoustic surveys were only performed during the wet season of 2002). We found no significant differences on bird species composition between dry and wet seasons (Manova, Pillai-Trace test = 0.193; F 12,201 = 1.153; P < 0.320 for quantitative data; Manova, Pillai-Trace test = 0.110; F 8,134 = 0.977; P < 0.457 for qualitative data) or years (Manova, Pillai-Trace test = 0.055; F 6,136 = 0.644; P < 0.695 for quantitative data; Manova, Pillai-Trace test = 0.076; F 4,138 = 1.364; P < 0.250 for qualitative data).
Bird Species Composition along a Topographic Gradient.
We found significant differences in the composition of bird species (qualitative data) along a plateau-slopes-valley topographic gradient (Manova, Pillai-Trace test = 0.368; F 6,136 = 5.110; P < 0.0001) ( Figure 2 ). Extremes of the topographic gradient (plateaus and valleys) separated well along axis one, whereas samples from slopes (hillsides) were placed in between the two (Figure 2 ). On the other hand, we found no significant difference among the three topographic classes using the acoustic survey qualitative data (Manova, Pillai-Trace = 0.240; F 6,34 = 0.773; P = 0.597). Bird community composition (PCoA-axis 1) Bird community composition (PCoA-axis 2)
Results from Principal Coordinate Analysis (PCoA) used to generate a simple ordination of 72 areas at the Reserva Florestal Adolpho Ducke (RFAD), Manaus, Brazil, based on the similarity matrix of distances generated by the Sorensen index for the qualitative matrix (presence and absence data) for the entire bird community. Letters represent the 72 areas in which the bird species were sampled using 240 m mist-net lines placed throughout the RFAD (p = plateau; s = slopes; v = valleys). The closer the points are to one another in the graph, the more similar are their bird species community composition. Note that the species composition, with a group of p in the upper part, a group of s in the middle, and a group of v in the lower part, changes significantly along the topographical gradient from plateau to valleys.
Effects of Forest Structure Components on the Avifauna.
We found no significant relation between the forest structure component parameters and the number of species (richness) and individuals (abundance) recorded in both mist-nets and acoustic surveys. Bird community composition (mist-net data) was significantly influenced by elevation, amount of leaf litter and distance to the nearest stream (Table 3) . However, in all cases few species were strongly associated with the limits of the gradients, and most species occurred across the gradients of elevation, leaf litter and distance to stream (Figures 3(a) , 3(b) , and 3(c)). Changes in community composition (qualitative data) were significantly correlated with the amount of leaf litter, the distance to the nearest stream, and with terrain elevation (Table 3 , Figures 4(a), 4(b), and 4(c)). When abundance of individuals was added to the community data (quantitative data), however, all relations lost significance (Table 3) . Bird community composition (acoustic survey data) was also not significantly influenced by any of the seven forest structure components measured (data not shown).
Bird Species Composition between the Two Waterbasins (Eastern and Western Side).
We found significant differences in the composition of bird species based on qualitative mistnet data between the two basins (eastern and western sides of the RFAD) (Manova, Pillai-Trace = 0.243; F 4,138 = 4.781; 
but not for quantitative data (Manova, PillaiTrace = 0.117; F 6,136 = 1.403; P = 0.218). We also found significant differences in the composition of bird species between the two water basins using qualitative data from the acoustic survey (Manova, Pillai-Trace test = 0.600; F 3,17 = 8.506; P < 0.001).
Discussion
This study adds to the growing body of evidence suggesting that the natural heterogeneity found in a tropical forest can affect the local composition of animal and plant communities [17, 21, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . Although we found that none of the variables analyzed were significantly associated with the number of bird species (richness) and individuals (abundance) recorded either on mist-nets or acoustic surveys, we found significant relationships between at least three parameters (elevation, distance to the nearest stream, and depth of the leaf litter) and bird species composition. Furthermore, we also found that changes in bird community composition can, in part, be attributed to a topographic gradient (plateau-slopevalley), and the water basins within the RFAD. Finding composition changes without variation in species richness and bird abundance can be attributed to species turnover within the study area. In this case we are not referring to biogeographical or regional variation in the avifauna, but to local changes in the avian communities. Our surveys indicate that most bird species occur throughout the RFAD (data not shown) and the central plateau, which we found to be relevant to explain changes in bird species' composition, by no means represents a biogeographical or geographic barrier. Therefore, we are confident that our results indicate that birds are tracking differences in the landscape and the structure of the forest.
Our results show a significant response of the avian community to a topographic gradient (plateau-slope-valley), even though the range in elevation within our plots was only 75 m (39-114 m above sea level). Although this variation seems negligible, it is enough to create a topographic gradient that includes "high" flat areas (plateaus), "low" areas (valleys, which often flood on rainy days), and either gentle or steep slopes connecting the two. This topographic gradient has Qualitative data (species presence/absence for the 72 transects with mist-nets), which were subjected to ordination analyses (PCoA). Only the second PCoA-axes were used to construct the graphs, the ones showing statistical significance.
been related to several soil parameters, particularly the amount of clay or sand in the soil [39] , which in turn has been shown to be the best predictor of above-ground tree biomass at the RFAD [21] and other sites in central Amazonia [49] . This topographic gradient has also been shown to affect the distribution of palms [42] , ants [43] , and frogs [44] , and is now shown for the first time in birds at the RFAD. We did not find a significant effect of the topography on the bird community sampled using acoustic surveys, and we believe that a main reason for such a difference is that, whereas lines of mist-nets covered ∼240 m, acoustic surveys covered 1 km. It is more likely that several topographic classes are present in 1 km than in 0.25 km, and this may obscure possible relationships.
The depth of leaf litter on the forest ground can have several indirect effects on the avifauna, offering more substrate for small and large invertebrates for insectivorous birds, and even small vertebrates on which raptors (e.g., forest-falcons and owls) can prey [38] . Many bird species are known to actively search under dead leaves on the ground, such as leaftossers (Sclerurus) and foliage-gleaners (Automolus), and using leaf litter is a common practice in North America to attract birds to people's backyards. On the other hand, leaf litter is very dynamic, and can change dramatically in space (flat versus steep areas) and time (dry versus wet season). Hence, we are not sure which mechanisms can maintain its effect on an entire avifauna in the long term.
Forest streams are a vital component of the forest landscape and correlated to valleys. Therefore, the relationship between species composition and proximity to the microhabitats formed by the streams was expected. In fact, several bird species are restricted to valleys and streams, as shown by our ordination analysis. Within our sample, we identified almost 30 species that occur more often near streams (Figure 3(b) ), including some species that are rarely recorded away from them (e.g., Topaza pella, Philydor pyrrhodes, and Schistocichla leucostigma). Proximity to streams is also known to influence the distribution and abundance of terrestrial herbs [41, 50] and palms [42] at the RFAD.
The number of trees, fallen logs, snags, and canopy openness are variables known to affect individual birds species [7] or groups [38] , yet they had little effect on the number of species or individuals (richness and abundance), and the species composition associated with our plots. One potential problem in assessing the effect of local environmental variables on birds is that, differently from herbs, palms, or frogs, most bird species hold relatively large territories for their size. Data from throughout the Neotropics suggest that even small passerines occupy (and actively defend) between 10 and 20 ha of primary forest [2, 46] . How then can we relate landscape features and small-scale forest parameters in plots of 0.25 ha (50 × 50 m) with birds that may occupy an area 50 to 75 times larger? Our understanding on the use of space by tropical birds remains limited, and it is not well known how much of their territories birds actually use, or how much of their territory is actually needed for activities such as feeding or nesting. Although weak, the spatial autocorrelation that we found in variables such as tree abundance, leaf litter depth, canopy openness, and elevation may indicate that our plots may represent the forest well beyond the plots' 50 × 50 m boundaries and may actually describe large enough areas to hold entire territories of individual birds. Similarly, plateaus, slopes, and valleys are continuous habitats, and one can walk (or a bird fly) for several kilometers on a plateau avoiding the valleys. Whether birds do this and select their use of territory in relation to topographic gradients or simply use their entire territory is not clear yet and deserve further investigation. Because elevation and canopy openness were significantly correlated to other variables (see Table 1 ), they were analyzed in separate multiple linear regression models (see Section 3 and Figure 3 ). Three or two PCoA-axes were used in the models for quantitative and qualitative analysis, respectively (see Section 2). The negative and positive signals within parenthesis are just to indicate the directions of the relationships and are not related to Pillai-Trace values (see also Figure 4 ).
The central plateau that divides the RFAD in two halves, results in two relatively similar-sized basins with significantly different community compositions. Similar results were found for the community composition of herbs [42] and fish [45] . Therefore, it is possible that the differences in bird communities between basins are due to differences in forest biomass and soil, which is higher in the eastern part of the RFAD [21] . Higher biomass may result in more food resources and enhanced opportunities for foraging, but these indirect relationships remain speculative.
Despite the fact that the RFAD is rapidly becoming a large forest fragment, its avifauna seems to remain untouched, if compared to neighboring areas with continuous forests [14] . Not only did we record most species expected to be found in a healthy forest, but independently of being found in our standardized surveys, important species of conservation concern are known to occur at the RFAD (see Table 4 ). Among these are several large frugivores, such as guans, curassows, trumpeters, toucans, and macaws, which are the first species to be hunted to local extinction by surrounding human populations. Similarly important is the presence of several large-bodied top predators such as Harpy Eagle (Harpia harpyja), Crested Eagle (Morphnus guianensis), Black-andwhite Hawk-Eagle (Spizaetus melanoleucus), Black HawkEagle (Spizaetus tyrannus), and Ornate Hawk-Eagle (Spizaetus ornatus), many of which are known to nest in the RFAD (T.M. Sanaiotti, pers. comm.). Other species seem to be truly rare at the RFAD and were recorded only once in our surveys, for example, Crimson Topaz (Topaza pella), Royal Flycatcher (Onychorhynchus coronatus), Guianan Red-Cotinga (Phoenicircus carnifex), and Slaty-backed Forest-Falcon (Micrastur mirandolleii). These species seem to be generally rare or locally uncommon in central Amazonia [14] , independently of the conservation condition of the forest. In fact, virtually all species considered vulnerable to fragmentation or sensitive to fragment area [47] were found at the RFAD [48] .
Despite the good conditions of the RFAD's avifauna, which was last surveyed by us more than five years ago [7, 32, 38, 48] , careful monitoring is important, particularly given the continuous pressure created by the growth of the city of Manaus. Therefore, we recommend that long-term monitoring of bird communities using standardized methods be done at the RFAD [54] in order to ensure that processes of species loss (if unavoidable) are well documented. The only active measure that can potentially delay or protect the RFAD from species loss is maintaining the connectivity of the RFAD on its eastern edge and creating a protected forest corridor from the RFAD to other large tracks of forest north of Manaus. Abund.
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Portuguese name
Rupornis magnirostris (Gmelin, 1788) Abund.
Diet
Portuguese name
Patagioenas subvinacea (Lawrence, 1868) Abund.
Diet
Portuguese name
Veniliornis cassini (Malherbe, 1862) Abund.
Diet
Portuguese name
Hypocnemis cantator (Boddaert, 1783) Abund.
Diet
Portuguese name
Dendrocolaptes picumnus (Lichtenstein, 1820) Abund.
Diet
Portuguese name
Tolmomyias assimilis (Pelzeln, 1868) Abund.
Diet
Portuguese name
Attila spadiceus (Gmelin, 1789) Abund.
Diet
Portuguese name
Polioptila guianensis (Todd, 1920) Abund.
Diet
Portuguese name
Sporophila castaneiventris (Cabanis, 1849) (see Rec. ) were recorded by the authors at the RFAD in the past. These species were not included in the analyses. Data on weight, sociability, abundance, diet, breeding, and strata were collected by RC during the last 20 years.
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